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(54) Adaptation of guard interval lengths in an OFDM communication system 



(57) These transmission and reception methods 
and devices make it possible to automatically adjust (64) 
the value of the guard time to be complied with between 
two successive blocks of data to be transmitted, accord- 
ing to the quality of reception of the data, by virtue of a 
marking signal, inserted (22) in the data, the marking 
signal, determined on reception, representing the value 
of the guard time to be complied with on transmission. 
They apply to the transmission of OFDM symbols. 
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Description 

[0001] The present invention relates to a transmission 
method and device, to a reception method and device, 
and to systems using them. 

[0002] An information transmission system transmits 
in general symbols (each symbol being for example a 
sequence of binary data) in series over a transmission 
channel, thus occupying a frequency band which must 
necessarily be larger than the inverse of the duration of 
a symbol. 

[0003] When the symbol transmission rate becomes 
too high, it is impossible to guarantee that the transmis- 
sion channel will have identical amplitude and phase 
characteristics over the entire space of the frequencies 
making up the passband. These distortions in the chan- 
nel give rise to interference between symbols, which can 
be combatted by means of an equaliser. However, such 
a system is relatively complex. 
[0004] One technique for remedying this problem 
consists of distributing the signal to be transmitted over 
a large number of carriers in parallel, individually mod- 
ulated at low rate. The rate being low, the passband nec- 
essary for each carrier is smaller, and therefore it is more 
probable that the amplitude and phase characteristics 
will be identical for all the frequencies making up this 
band. This technique is known to persons skilled in the 
art as Orthogonal Frequency Division Multiplexing or 
OFDM. The spectra of the signals modulating the carri- 
ers overlap in such a manner that they satisfy the con- 
dition of orthogonality which enables to eliminate the in- 
terference between modulated sub-carriers and to ob- 
tain a much greater spectral efficiency. 
[0005] The spacing between two adjacent sub-carri- 
ers corresponds to the inverse of the duration of a sym- 
bol. 

[0006] The OFDM modulation is generally assimilat- 
ed to a Fourier transform, so that, in order to implement 
it, FFT (Fast Fourier Transform) algorithms are used. 
[0007] The main steps performed during the transmis- 
sion of a message using an OFDM modulation are stat- 
ed below. 

[0008] First of all the binary data of the message to 
be transmitted are grouped in blocks of data. Each of 
these blocks will be transmitted independently and will 
constitute, after base-band modulation, an OFDM sig- 

[0009] Each of the blocks of data also group together 
the binary elements by subset, each subset then under- 
going a bijective mapping over a discrete set of points 
in the Fresnel space, each of these points representing 
a possible phase and amplitude. Thus, for example, if a 
message consisting of the following series of bits: 
{00001 1 1 001 0001 1 1 1 000. ..} is considered, it is possible 
to extract therefrom a block of 16 bits 
0000111001000111, with which there is associated, by 
mapping, the following set of points on the complex 
plane: 1+j, 1+j, -1-j, 1-j, -1+j ; 1+j, -1+j, -1-j. This therefore 



gives a set of eight complex elements, defining a vector 
V. 

[001 0] An inverse discrete fast Fou rier transformation 
having a matrix A is then applied to the vectors V thus 
s obtained from the original message, which supplies an 
OFDM signal, consisting of a series of complex ampli- 
tudes. 

[0011] Each transmitted symbol is received, after 
passing through the transmission channel, by a demod- 

10 ulator, from which there is extracted a vector V" contain- 
ing complex elements by multiplying the amplitudes 
constituting the symbol by a direct discrete Fourier 
transform matrix A', such that A.A' = I, where I desig- 
nates the identity matrix. 

75 [0012] The application of a decision criterion based 
on the maximum likelihood on the real part and on the 
imaginary part of each vector V" enables to retrieve the 
initial sequence of symbols, and then to restore the as- 
sociated binary elements. 

20 [0013] The different symbols of each block are con- 
nected together because of the linear combination ob- 
tained by multiplying the elements of a vector V to be 
transmitted by the inverse discrete Fourier transform 
matrix A. This linear combination guarantees a certain 

25 degree of robustness and protects the symbols against 
interference between complex symbols within one and 
the same OFDM symbol. 

[0014] On the other hand, this protection effect does 
not extend from one OFDM symbol (that is to say from 

so one block of complex symbols) to another. 

[0015] In order to prevent interference between 
blocks, it is known that a technique can be used which 
consists of providing a period of silence or non-trans- 
mission, also referred to as guard time, between two 

35 consecutive symbols. 

[0016] However, in the prior art, the value of the guard 
time preceding the current symbol is determined prag- 
matically, in the light of an evaluation, by the expert, of 
the period necessary for an attenuation of the echo re- 

40 suiting from the transmission of the previous OFDM 
symbol. 

[0017] This evaluation is generally based on certain 
propagation models. However, these propagation mod- 
els cannot exhaustively envisage all possible situations. 

45 In particular, the propagation can vary greatly in the case 
of mobile stations in a telecommunication network. 
Thus, if the choice is not suited, there is risk either of 
losing binary transmission rate, when the guard time is 
too long compared with the period necessary for fading 

50 of the echo of the previous symbol, or of having a binary 
transmission rate which is high but affected by error, 
when the guard time is too short, since the echo is then 
superimposed at the start of the following symbol. 
[0018] The aim of the present invention is to remedy 

ss the aforementioned drawbacks by affording, not a prag- 
matic determination, but an automatic adjustment of the 
guard time, the value of this guard time also being liable 
to vary adaptively over time as a function of the succes- 
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sive symbols transmitted and their echo, so as to 
achieve an optimum compromise between the binary 
transmission rate and the error rate. 
[0019] Moreover, in order to improve the reliability of 
the transmission system, it is chosen to add to the 
OFDM modulation a coding using turbocodes. This type 
of coding has in fact, compared with the usual conven- 
tional coding methods, the following advantage: the 
number of uncorrected errors decreases very rapidly for 
a slight increase in the signal to noise ratio. 
[0020] It will be recalled that a conventional turboco- 
der consists of two recursive systematic convolutional 
(RSC) coders and an interleaves disposed as shown in 
Figure 1. The turbocoder outputs at each instant a triplet 
of binary elements (x, y1, y2), where x is the so-called 
systematic output of the turbocoder, that is to say one 
which has not undergone any processing with respect 
to the input signal x, y1 is the output coded by the first 
RSC coder, and y2 is the output coded by the second 
RSC coder after passing through the interleaver. 
[0021] For more details on turbocodes, reference can 
usefully be made to the article by C. BERROU, A. GLA- 
VIEUXandRTHITIMAJSHIMAentitled "Near Shannon 
limit error-correcting coding and decoding: turbo- 
codes", ICC '93, Geneva. 

[0022] More advantageous than the usual conven- 
tional coding techniques, a coding using turbocodes has 
nevertheless the particularity of requiring, for correct 
functioning, a knowledge of the noise power. 
[0023] The invention makes it possible to exploit this 
particularity in an advantageous and particularly suita- 
ble manner in the context of making more reliable a 
transmission of OFDM symbols which have undergone 
turbocoding, by providing a measure of the power of the 
noise between two consecutive OFDM symbols. 
[0024] For the purpose indicated above, the present 
invention proposes a method of transmitting data in the 
form of successive symbols, from a local transmission 
system, having a local transmitter and a local receiver, 
to a distant transmission system, having a distant trans- 
mitter and a distant receiver, according to which, at the 
local transmitter: 

an operation of forming useful data blocks is per- 
formed, consisting of grouping together the data in 
blocks; remarkable in that it also includes steps ac- 
cording to which, at the local transmitter: 
a marking operation is performed, consisting of con- 
catenating, with each block of useful data, a first 
marking signal, this first marking signal represent- 
ing the value of the guard time to be complied with 
by the distant transmitter between two successive 
symbols and being determined by the local receiver 
on the basis of the quality of reception of the data 
coming from the distant transmitter; and 
a transmission operation is performed, consisting 
of transmitting the symbols, whilst respecting, be- 
tween two successive symbols, a period of silence 
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equal to the value of the guard time indicated by a 
second marking signal, this second marking signal 
having previously been received from the distant 
transmitter, after having been determined by the 
s distant receiver on the basis of the quality of recep- 
tion of the data coming from the local transmitter. 

[0025] Thus, by adjusting the value of the guard time 
as a function of the quality of the received signals, the 
10 invention makes it possible to optimise the binary trans- 

[0026] It is also necessary to make the transmission 
more reliable, for example by the use of a turbocode. 
Thus, according to a particular characteristic, between 
75 the block formation and marking operations: 

an operation of preparation for error detection is 
performed, consisting of calculating, for each of the 
useful data blocks obtained previously, an error de- 

20 tection code, and concatenating this code with each 
of the blocks, so as to obtain frames; 
an operation of protection coding by redundancy is 
performed, consisting of coding, by means of a re- 
dundancy coder, each frame and the corresponding 

25 error detection code, so as to obtain encoded 
frames; 

a mapping operation is performed, consisting of as- 
sociating, with each encoded frame, a set of points 
in a constellation, so as to obtain a plurality of sym- 

30 bols; 

an inverse transformation operation is performed, 
consisting of multiplying this plurality of symbols by 
the inverse matrix of an invertible transformation 
matrix, so as to obtain a plurality of complex ampli- 

35 tude values; and 

a synchronisation operation is performed, consist- 
ing of concatenating, with the plurality of complex 
amplitude values obtained previously, a synchroni- 
sation signal, so as to obtain a complex signal trans- 

40 porting the information necessary to the synchroni- 
sation of the receiver. 

[0027] According to a particular characteristic, the op- 
eration of redundancy coding can use a turbocoder as 
45 a redundancy coder. 

[0028] According to a particular characteristic, the in- 
vertible transformation implemented during the inverse 
transformation operation is for example a Fourier trans- 
formation. 

50 [0029] The above two characteristics make it possible 
to combine the advantages of turbocoding and OFDM 
modulation, whilst optimising the binary transmission 
rate. 

[0030] A description was given above of the interest 
ss of using OFDM symbols. The present invention will here 
be more particularly described in its application to 
OFDM modulation. 

[0031] In a particular embodiment, the information re- 
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lating to the guard time contained in the marking signal 
may be integrated into the synchronisation signal. 
[0032] This makes it possible to add this information 
with minimum cost, since it is combined with the addi- 
tions necessary for synchronisation between transmitter 
and receiver. 

[0033] According to a particular characteristic, prior to 
the transmission operation, a transposed band modula- 
tion operation is performed, consisting of moving the 
symbols to be transmitted towards a predetermined fre- 
quency band. 

[0034] According to a particular characteristic, during 
the mapping operation, an alphabet and a modulation 
of the QAM or QPSK type are used. 
[0035] According to a particular characteristic, the 
marking signal contains at least one Barker sequence. 
[0036] This type of sequence is particularly advanta- 
geous because of its correlation properties, the correla- 
tion peaks obtained with Barker sequences being very 
marked. 

[0037] According to a particular characteristic, the 
marking signal includes two Barker sequences in series, 
the first Barker sequence being multiplied by a first pre- 
determined value coded by a first bit, and the second 
Barker sequence being multiplied by a second prede- 
termined value coded by a second bit, the binary word 
consisting of the first and second bits indicating, accord- 
ing to its value, whether it is necessary to increase the 
value of the guard time, or to reduce it, or to cause it to 
take a predetermined maximum value, or not to change 
it. 

[0038] Thus two bits (which make it possible to code 
four states) suffice to determine the mode of adjusting 
the guard time. 

[0039] As a variant, more bits could be used, in order 
to directly code the new guard time value. 
[0040] According to a particular characteristic, during 
the mapping operation, there is added to each encoded 
frame a plurality of stuffing bits, this plurality of stuffing 
bits being able to be replaced by a series of bits trans- 
porting the marking signal. 

[0041] These stuffing bits make it possible, not only 
to transport the marking signal, but also to round the 
number of bits in the data frame to a power of 2, which 
facilitates the mapping operation according to a modu- 
lation of the QPSK type. 

[0042] For the same purpose as indicated above, the 
present invention also proposes a device for transmit- 
ting data in the form of successive symbols, from a local 
transmission system, having a local transmitter and lo- 
cal receiver, to a distant transmission system, having a 
distant transmitter and a distant receiver, having, at the 
local transmitter: 

a module for forming blocks of useful data, for 
grouping the data in blocks; 

remarkable in that it also has, at the local transmitter: 
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marking module, for concatenating, with each 
block of useful data, a first marking signal, this 
marking signal representing the value of the guard 
time to be complied with by the distant transmitter 
s between two successive symbols and being deter- 
mined by the local receiver on the basis of the qual- 
ity of reception of the data coming from the distant 
transmitter; and 

a transmission module, for transmitting the sym- 
10 bols, whilst respecting, between two successive 
symbols, a period of silence equal to the value of 
the guard time indicated by a second marking sig- 
nal, this second marking signal having previously 
been received from the distant transmitter, after 
75 having been determined by the distant receiver on 
the basis of the quality of reception of the data com- 
ing from the local transmitter. 

[0043] The present invention also proposes a method 
20 of receiving data in the form of successive symbols, by 
a local transmission system, having a local transmitter 
and a local receiver, from a distant transmission system, 
having a distant transmitter and a distant receiver, re- 
markable in that it includes steps according to which, at 
25 the local receiver: 

there is performed a reception operation, consisting 
of receiving, in the form of successive symbols, 
spaced apart in time by a guard time able to be ad- 
so justed automatically, data coming from the distant 
transmitter; and 

there is performed an operation of determining the 
change in the guard time to be complied with by the 
distant transmitter between two successive sym- 

35 bols, consisting of determining, according to the 
quality of reception of the data coming from the dis- 
tant receiver, the value of at least two bits intended 
to be included in a marking signal by the local trans- 
mitter, these two bits forming a binary word repre- 

40 senting the value of the guard time to be complied 
with by the distant transmitter. 

[0044] According to a particular characteristic, during 
the operation of determining the change in the guard 

45 time, the value of a first and a second bits intended to 
be included in a marking signal by the local transmitter 
is determined, these first and second bits forming a bi- 
nary word indicating, according to its value, whether the 
value of the guard time must increase or decrease or 

50 take a predetermined maximum value or remain con- 

[0045] According to a particular characteristic, the 
transmitter using a redundancy coder the reception 
method is remarkable in that, between the operations of 
ss receiving and determining the change in the guard time, 
at the local receiver: 

a synchronisation and correlation operation is per- 
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formed, for determining the start and end of each 
received symbol and for decoding, for each re- 
ceived symbol, the information carried by the mark- 
ing signal coming from the distant transmitter, this 
synchronisation and correlation operation consist- 
ing of correlating each received symbol with this 
marking symbol, so as to obtain modulated blocks; 
a transformation operation is performed, consisting 
of multiplying each received modulated block by an 
invertible transformation matrix, so as to obtain a 
plurality of complex numbers representing respec- 
tively a plurality of points in a constellation; 
a demapping operation is performed, consisting of 
determining the received data associated with the 
plurality of points in the constellation, so as to obtain 
encoded frames; 

an encoded frame decoding operation is per- 
formed, consisting of decoding the encoded frames 
by means of a decoder corresponding to the redun- 
dancy coder used by the transmitter; and 
an error detection operation is performed, consist- 
ing of detecting, by means of an error detection 
code, possible errors in the decoded frames; and 
the reception method being also remarkable in that 
it also includes a step according to which: 
a noise measurement operation is performed, con- 
sisting of measuring the power of the noise during 
the guard time between two successive symbols. 

[0046] According to a particular characteristic, during 
the synchronisation and correlation operation, the infor- 
mation carried by each marking signal is decoded using 
the polarity of at least one correlation peak obtained by 
correlating each received symbol with the marking sig- 
nal. 

[0047] Thus, in a very simple fashion, a correlation 
peak having a first type of polarity makes it possible to 
decode the value of the first bit coding the change in the 
guard time, and a correlation peak having a second type 
of polarity makes it possible to decode the value of the 
second bit coding the change in the guard time. 
[0048] The present invention also proposes a device 
for receiving data in the form of successive symbols, by 
a local transmission system, having a local transmitter 
and a local receiver, coming from a distant transmission 
system, having a distant transmitter and a distant receiv- 
er, remarkable in that it has, at the local receiver: 

a reception module for receiving, in the form of suc- 
cessive symbols, spaced apart in time by a guard 
time able to be adjusted automatically, data coming 
from the distant transmitter; and 
a module for determining the change in the guard 
time to be complied with by the distant transmitter 
between two successive symbols, in order to deter- 
mine, according to the quality of reception of the da- 
ta coming from the distant transmitter, the value of 
at least two bits intended to be included in a marking 



signal by the local transmitter, these two bits form- 
ing a binary word representing the value of the 
guard time to be complied with by the distant trans- 

5 

[0049] The present invention also relates to a digital 
signal processing apparatus, having means adapted to 
implement a transmission method such as the one 
above. 

w [0050] The present invention also relates to a digital 
signal processing apparatus, having means adapted to 
implement a reception method such as the one above. 
[0051] The present invention also relates to a digital 
signal processing apparatus, having a transmission de- 

15 vice such as the one above. 

[0052] The present invention also relates to a digital 
signal processing apparatus, having a reception device 
such as the one above. 

[0053] The present invention also relates to a tele- 
20 communication network, having means adapted to im- 
plement a transmission method such as the one above. 
[0054] The present invention also relates to a tele- 
communication network, having means adapted to im- 
plement a reception method such as the one above. 
25 [0055] The present invention also relates to a tele- 
communication network, having a transmission device 
such as the one above. 

[0056] The present invention also relates to a tele- 
communication network, having a reception device such 

so as the one above. 

[0057] The present invention also relates to a mobile 
station in a telecommunication network, having means 
adapted to implement a transmission method such as 
the one above. 

35 [0058] The present invention also relates to a mobile 
station in a telecommunication network, having means 
adapted to implement a reception method such as the 

[0059] The present invention also relates to a mobile 
40 station in a telecommunication network, having a trans- 
mission device such as the one above. 
[0060] The present invention also relates to a mobile 
station in a telecommunication network, having a recep- 
tion device such as the one above. 
45 [0061] The invention also relates to: 

an information storage means which can be read 
by a computer or microprocessor storing instruc- 
tions of a computer program, making it possible to 

50 implement the transmission method of the invention 
such as the one above, and 
an information storage means which is removable, 
partially or totally, which can be read by a computer 
or microprocessor storing instructions of a compu- 

ss ter program, making it possible to implement the 
transmission method of the invention such as the 
one above. 
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[0062] The invention also relates to: 

an information storage means which can be read 
by a computer or microprocessor storing instruc- 
tions of a computer program, making it possible to 
implement the reception method of the invention 
such as the one above, and 
an information storage means which is removable, 
partially or totally which can be read by a computer 
or microprocessor storing instructions of a compu- 
ter program, making it possible to implement the re- 
ception method of the invention such as the one 
above. 

[0063] The invention also relates to a computer pro- 
gram product comprising software code portions for im- 
plementing a transmission method and/or a reception 
method as above. 

[0064] The particular characteristics and the advan- 
tages of the transmission device, of the reception meth- 
od and device, of the different digital signal processing 
apparatus, of the different telecommunication networks, 
of the different mobile stations, of the information stor- 
age means and of the computer program product being 
the same as those of the transmission method accord- 
ing to the invention, these particular characteristics and 
advantages are not repeated here. 
[0065] Other aspects and advantages of the invention 
will emerge from a reading of the following detailed de- 
scription of particular embodiments, given by way of 
non-limitative examples. The description refers to the 
drawings which accompany it, in which: 

Figure 1 , already described, depicts schematically 
the structure of a conventional turbocoder; 
Figure 2A is a flow diagram illustrating the main 
steps of the transmission method of the present in- 

Figure 2B is a flow diagram illustrating the steps of 
the transmission method of the present invention, 
in a particular embodiment where a turbocoding, an 
OFDM modulation and a transposed band modula- 
tion of the data to be transmitted are carried out; 
Figure 3 depicts schematically a transmission de- 
vice according to the present invention, in a partic- 
ular embodiment; 

Figure 4A is a flow diagram illustrating the main 
steps of the reception method of the present inven- 
tion; 

Figure 4B is a flow diagram illustrating the steps of 
the reception method of the present invention, in a 
particular embodiment where transmission has 
been effected in accordance with the particular em- 
bodiment of the transmission method illustrated by 
Figure 2B; 

Figure 5 depicts schematically a reception device 
according to the present invention, in a particular 
embodiment; 
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Figure 6 depicts schematically the overall structure 
of two successive OFDM symbols at the time of 
transmission, according to the present invention; 
Figure 7 depicts schematically the overall structure 

s of two successive OFDM symbols at the time of re- 
ception, according to the present invention; and 
Figure 8 depicts schematically a transmission sys- 
tem including atransmission device and a reception 
device according to the present invention, in a par- 

10 ticular embodiment. 

[0066] In the following, a full-duplex transmission sys- 
tem is considered, having a first so-called local trans- 
ceiver, possibly mobile, situated at a given instant at a 

75 first geographical position A, and a second so-called dis- 
tant transceiver, possibly mobile, situated at a given in- 
stant at a second geographical position B. It is consid- 
ered that these two transceivers are synchronous. 
[0067] The transmission method of the invention is 

20 described below with respect to the local transmitter A. 
A similar description is valid for the distant transmitter B. 
[0068] As shown in Figure 2A, the transmission 
method of the invention includes three main steps. It is 
sought to transmit binary data, referred to as useful data, 

25 in the form of successive symbols obtained after a cer- 
tain number of processings. A first step 10 consists of 
grouping together the useful data in blocks with a length 
which may be variable. 

[0069] Then a step 22 consists of concatenating, with 

so each block of useful data, a specific signal referred to 
as the first marking signal. The function of this first mark- 
ing signal is to indicate to the distant transmitter what 
should be the change in the value of the guard time be- 
tween two successive symbols, namely whether this 

35 value should increase, or decrease, or take a predeter- 
mined maximum value, or remain constant. 
[0070] The value of the guard time and consequently 
the structure of the marking signal are determined by 
the local receiver, according to the quality of reception 

40 of the data coming from the distant transmitter. The de- 
termination of the guard time and the nature of the mark- 
ing signal are therefore described below in the context 
of the reception method of the invention. 
[0071] There is concatenated with each block of use- 

45 ful data the marking signal associated with this block, 
by adding the marking signal at the start of the block 
and/or at the end of this block, or inside this block. 
[0072] As shown in Figure 2A, the final step 26 of the 
transmission method consists of transmitting the blocks 

50 of useful data and their associated marking signals in 
the form of successive symbols over a transmission 
channel, respecting between two successive symbols a 
period of silence equal to the value of the guard time 
indicated by a second marking signal, previously re- 

ss ceived from the distant transmitter B, decoded by the 
local receiver A (in a manner described below) and 
stored in memory. 

[0073] This second marking signal was previously de- 
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termined by the distant receiver B on the basis of the 
quality of reception of the data coming from the local 
transmitter A. 

[0074] In the particular embodiment in Figure 2B, the 
blocks of useful data are transmitted in the form of 
OFDM symbols and a turbocoding is applied to them, 
as well as a transposed band modulation, before trans- 

[0075] For this purpose, follwing step 10 of formation 
of useful data blocks, during which, by way of non-limi- 
tative example, blocks of M = 660 bits are formed, there 
is calculated, at step 12, an error detection code, such 
as for example a cyclic redundancy code (CRC), and 
the result, for example coded in 1 6 bits, is concatenated 
with the 660 bits of useful data. It is for example possible 
to use the CRC - CCITT with generator polynomial X 16 
+ X 12 + X 5 + 1 , that is to say the calculation of the CRC 
amounts to multiplying the block of useful data under 
consideration by this polynomial. In this way frames of 
676 bits are obtained. 

[0076] The following step 14 consists of supplying 
these frames of 676 bits to a redundancy coder of a con- 
ventional type, for example a turbocoder such as the 
one illustrated in Figure 1 described above. This turboc- 
oder can for example include an interleaver of the so- 
called "x to x e " type, known to persons skilled in the art, 
with e = 32. In the particular example described here, 
the turbocoder restores, by means of its three outputs, 
encoded frames of 679 x 3 = 2037 bits. 
[0077] As a variant, the redundancy coder could use, 
not a turbocode, but a conventional convolutional code. 
[0078] Next, at step 16, 11 stuffing bits of known val- 
ues are added to each encoded frame of 2037 bits, in 
order to obtain encoded frames of 2048 bits. With each 
of these encoded frames thus supplemented, there is 
associated, according to the conventional QPSK (Qua- 
ternary Phase Shift Keying) modulation technique, a set 
of 1024 points of a constellation each constituting a 
QPSK symbol. In this so-called mapping step, the data 
bits can possibly be coded as symbols differentially. 
[0079] During the following step 18, the 1024 QPSK 
symbols are multiplied by the inverse matrix of an invert- 
ible transformation matrix. For example, an inverse dis- 
crete Fouriertransformation,oran inverse discrete Had- 
amard transformation, can be applied to the 1024QPSK 
symbols. At the end of step 18, 1024 values of complex 
amplitudes forming a modulated block are obtained. In 
the case where an inverse discrete Fourier transforma- 
tion is applied, the Cooley Tuckey algorithm is advanta- 
geously used, since 1024 is a power of 4. 
[0080] Step 20 illustrated by Figure 2B is a step of 
adding the elements necessary to the synchronisation 
of the receiver. This step has been arbitrarily placed af- 
ter the inverse transformation step 18; however, it can 
be carried out at any other stage in the transmission 
method. It consists of adding one or more synchronisa- 
tion sequences of a conventional type to the data to be 
transmitted. It is for example possible to concatenate, 
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with each modulated block, a first synchronisation se- 
quence upstream of the block, in a preamble, as well as 
a second synchronisation sequence downstream of the 
block, in a postamble. 

s [0081] Each block of useful data thus processed is by 
definition an OFDM symbol, consisting of several vari- 
ations in state of the input of the transmission channel. 
[0082] In accordance with the invention, step 22 con- 
sists of adding, to each block of useful data, a marking 

10 signal representing the value of the guard time to be 
complied with by the distant transmitter B between two 
successive symbols. 

[0083] In order to facilitate the synchronisation of the 
distant receiver with the local transmitter, it is necessary 

75 to consider that the values indicating the duration of the 
guard time are quantized, that is to say they belong to 
a finite set of discrete values, each value being a multi- 
ple of a base value, which is chosen equal to a multiple 
of the period of a reference clock of the transmitter in 

20 order to facilitate implementation. 

[0084] During step 22, it is possible for example to add 
a marking signal upstream and downstream of each en- 
coded frame of 2048 bits obtained at the end of the tur- 
bocoding step 1 4 after adding stuffing bits. As a variant, 

25 the marking signal could be added solely upstream or 
solely downstream of this encoded frame, or within the 
frame. 

[0085] In the particular non-limitative example em- 
bodiment described here, the marking signal is com- 

so posed of two Barker sequences of length 13 disposed 
in series. Barker sequences are known to persons 
skilled in the art and will not be described here. Their 
correlation properties are used to facilitate the recovery 
of the information relating to the guard time at the time 

35 of reception. This is because the Barker sequences 
have the advantage of having very marked correlation 
peaks. 

[0086] Here the first Barker sequence is multiplied by 
a value C belonging to the set {-1 , +1 }, and the second 
40 Barker sequence is multiplied by a value Dalso belong- 
ing to the set {-1 , +1 }. The choice of the values C and D 
is made on reception, according to the quality of recep- 
tion, and is described below. 

[0087] However, as a variant, the values C and D can 
45 be transported by other means than by means of Barker 
sequences. 

[0088] For example, it was seen that at the end of the 
inverse transformation step 1 8, a vector containing 1 024 
values of complex amplitudes is obtained. It is possible 

50 to concatenate with this complex vector two times a se- 
quence consisting of a predetermined number of the first 
elements of this vector, and to transmit the vector thus 
supplemented. It should be noted that the aforemen- 
tioned sequence can be substituted for the guard time. 

ss In this case, according to the invention, the variation in 
the guard time is replaced by the variation in the se- 
quence. 

[0089] In the variant described, on reception, a delay 
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line is provided, very simple to implement, introducing 
a delay corresponding to the duration of a transmitted 
symbol. Using a correlator such as the one described in 
the document US-A-5 602 835, this correlator receiving 
as an input, on the one hand, the received symbol and, 
on the other hand, the received symbol delayed by the 
aforementioned delay line, there is obtained at the out- 
put of the correlator two pulses relating to the real part 
of the complex vector and two pulses relating to the im- 
aginary part of the complex vector these pulses appear- 
ing periodically according to the rate of the OFDM sym- 
bols. 

[0090] Given that the vector is complex, it suffices to 
independently modify the sign of the real part and the 
sign of the imaginary part in order to be able to transport 
the values of C and D. 

[0091] An optional step 24 consists of modulating the 
OFDM symbols thus processed in transposed band, be- 
fore transmitting them over a transmission channel at 
step 26, from the first transceiver A to the second trans- 
ceiver B, respecting between two successive symbols 
a period of silence equal to the value of the guard time 
transported by the marking signal received from the 
transmitter B, decoded by the receiver A and stored in 
memory. 

[0092] It should be stated that, given that the trans- 
mission system under consideration is full duplex, the 
steps which have just been described are effected both 
by the transmitter in the geographical position A to the 
receiver in the geographical position B and by the trans- 
mitter in the geographical position B to the receiver in 
the geographical position A. 

[0093] As shown in Figure 6, two successive OFDM 
symbols transmitted, designated by the indices N-1 and 
N, N being an integer greater than 1, have the following 
structure: each symbol has a part 94 transporting the 
data of the message to be transmitted, a first synchro- 
nisation sequence 90 in the preamble, and a second 
synchronisation sequence 92 in the postamble. In the 
example illustrated by Figure 6, the sequences intended 
for synchronisation also carry the information relating to 
the change in the guard time intended for the transmit- 
ting part of the second transceiver. 
[0094] Thus, in accordance with the present inven- 
tion, in this particular embodiment, the addition of the 
information relating to the guard time takes place at a 
minimum cost, since this information is combined with 
the additions necessary for the synchronisation be- 
tween transmitter and receiver. 
[0095] The line 96 represents the guard time between 
the two successive OFDM symbols N-1 and N. 
[0096] Figure 3 illustrates schematically the different 
modules of a transmission device able to effect the steps 
of the transmission method of the invention in the par- 
ticular embodiment described previously by means of 
Figure 2B. 

[0097] This transmission device has a module 30 for 
forming blocks of useful data, for grouping together the 



data to be transmitted in blocks with a length which may 
be variable. 

[0098] The module 30 for forming useful data blocks 
is connected to an error detection preparation module 
s 32, which calculates, for each block of useful data, an 
error detection code, such as for example a cyclic re- 
dundancy code, and which concatenates this code with 
the block under consideration, so as to supply frames 
as an output. 

w [0099] The error detection preparation module 32 is 
connected to a redundancy coder 34, for example a tur- 
bocoder of the type described above with the help of 
Figure 1 , which codes the frames supplied by the mod- 
ule 30 and which supplies as an output three series of 

75 binary elements x, y1 , y2, as described above. 

[0100] In the example where the coder 34 is a turboc- 
oder, this turbocoder is connected to a mapping module 
36, which associates, with the series of binary words of 
3 bits formed from the three series of bits supplied at the 

20 output of the turbocoder, a set of points in a constellation 
according to a modulation of the QPSK type, so as to 
obtain a plurality of symbols. 

[0101] These symbols are supplied as an input to an 
inverse transformation module 38, which multiplies 

25 these symbols by the inverse matrix of an invertible 
transformation matrix, for example an inverse fast Fou- 
rier transformation matrix, or an inverse Hadamard 
transformation matrix, so as to obtain a plurality of val- 
ues of complex amplitudes. 

30 [0102] The inverse transformation module 38 is, con- 
ventionally, preceded by a serial/parallel transformation 
module 37 and followed by a parallel/serial transforma- 
tion module 39. 

[0103] A synchronisation module 40 adds a synchro- 

35 nisation signal to the plurality of values of complex am- 
plitudes supplied at the output of the inverse transfor- 
mation module 38. However, the representation chosen 
in Figure 3 is in no way limitative: the synchronisation 
module 40 could just as well be situated further up- 

40 stream in the transmission chain. 

[0104] Likewise, the marking module 42, which con- 
catenates, with each block of useful data, a marking sig- 
nal indicating whether the value of the guard time should 
increase or decrease or take a predetermined maximum 

45 value or remain constant, has been depicted arbitrarily 
at the output of the inverse transformation module 38. 
As a variant, the marking module 42 could just as well 
be situated further upstream in the transmission chain. 
[0105] The marking signal can have the structure, 

50 based on Barker sequences, described in the context of 
the transmission method. 

[0106] This marking signal can be transported by 
stuffing bits, added to the data at the output of the coder 
34, before mapping. 
ss [0107] At the output of the inverse transformation 
module 38, OFDM symbols are obtained each trans- 
porting an item of information relating to the value of the 
guard time. 



9 



15 

[0108] An optional modulation module 44 is connect- 
ed to the inverse transformation module 38. Its function 
is to modu late the OFD M symbols in a transposed band 
before transmission by a transmitter 46. 
[0109] The transmitter 46 provides a guard time be- 
tween each OFDM symbol, the value of this guard time 
being indicated by the information received from the 
transmitter B, decoded by the receiver A and stored in 
memory. 

[0110] After passing through the transmission chan- 
nel, the OFDM symbols are received during a reception 
step 50 shown schematically in Figure 4A. 
[0111] According to the invention, the step 64 then 
consists of determining what the change in the value of 
the guard time should be. 

[0112] It has been seen that this change can follow 
principally four states: the value of the guard time can: 
(1) increase, if the reception quality is insufficient; (2) 
decrease, if the reception quality is satisfactory and it is 
wished to increase the binary transmission rate; (3) re- 
main constant, if the reception quality is satisfactory and 
the binary rate is sufficient; or (4) take a predetermined 
maximum value, necessary for example during a phase 
of starting up the transmission system. 
[0113] Two bits therefore suffice (which make it pos- 
sible to code four values) for coding the change in the 
guard time. The step 64 therefore consists of determin- 
ing the value of two bits C and D intended to be included 
in a marking signal to be transmitted from the receiver 
of a given transceiver to the transmitter of the other 
transceiver. 

[0114] Figure 4B illustrates the successive steps of 
the reception method in the case where the transmis- 
sion method has taken place in accordance with the par- 
ticular embodiment of Figure 2B. 
[0115] Following the reception step 50, a demodula- 
tion step 52 is performed, corresponding to the trans- 
posed band modulation step 24 of Figure 2B, in the case 
where the latter was effected at the time of transmission. 
[0116] Then a synchronisation and correlation step 54 
is carried out. This step consists of determining the start 
and end of each symbol received and extracting from 
each symbol the two information bits C and D included 
in the marking signal which this symbol transports. For 
this purpose, in the example where the marking signal 
includes two Barker sequences, a correlation is effected 
between the symbol received and each Barker se- 
quence. In this way two correlation peaks are generat- 
ed, which make it possible to determine both the start 
and end of the symbol under consideration, but also to 
recover the value of the bits C and D, that is to say -1 
or +1 , according to the polarity of the peaks. At the end 
of this step 54, modulated blocks are obtained. 
[0117] The following step 56 consists of multiplying 
the modulated blocks, each consisting of 1024 symbols 
in the example given in the context of the transmission 
method of Figure 2B, by the matrix of a reversible trans- 
formation, so as to apply, on reception, the direct trans- 
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formation corresponding to the reverse transformation 
applied to the transmission, that is to say for example a 
direct discrete Fourier transformation, or a direct Had- 
amard transformation. In the example, encoded frames 
s of 2048 complex numbers close to the QPSK alphabet 
are obtained. 

[0118] During the following demapping step 58, the 
real part and the imaginary of each of these complex 
numbers are obtained by projection, respectively onto 
10 the real axis I and the imaginary axis Q of the Fresnel 
plane in which the QPSK constellation is situated. 
[011 9] During the following step 60, the eleven values 
relating to the stuffing bits are eliminated in order to re- 
turn to an encoded frame of 679 x 3 bits, to which a con- 
's ventional decoding is applied, corresponding to the cod- 
ing applied on transmission (for example, a turbodecod- 
ing if a turbocoding was applied on transmission), in or- 
der to obtain a decoded frame of 676 bits at the end of 
step 60. 

20 [0120] Next a step 62 of detecting transmission errors 
is carried out, using an error detection code (for example 
a cyclic redundancy code) added to each block of data 
before transmission. 

[0121] It is the result obtained after processing by the 

25 error detection code, at step 62, which determines, dur- 
ing the following step 64 of determining the change in 
guard time, the value of the bits C and D to be included 
in the marking signal to be transmitted. 
[0122] The bits C and D form a binary word referred 

so to as the guard time modification request. If the process- 
ing by the error detection code has revealed the pres- 
ence of errors, and if the errors are due to an excessively 
high power of the echo, the increase in the guard time 
can make it possible to reduce the power of the echo 

35 present in the symbols received, and to reduce the error 
rate on reception. If no error is detected, it is on the other 
hand possible to reduce the guard time. 
[0123] The bits C and D, forming the binary word 
"CD", can for example be coded as follows. The word 

40 "00" signifies that the guard time must be kept constant; 
the word "01 " signifies that the guard time must be in- 
creased; the word "10" signifies that the guard time must 
be reduced; and the word "11" signifies that the guard 
time must take its maximum value. 

45 [0124] The marking signal including the bits C and D 
is transmitted from the receiver of a given transceiver to 
the transmitter of the other transceiver. 
[0125] When the redundancy code used on transmis- 
sion is a turbocode, the decoding, on reception, is ef- 

50 fected iteratively. A predetermined number of iterations 
can be chosen, for example eight iterations, this exam- 
ple being in no way limitative. 
[0126] In a particular embodiment, at step 62, the cy- 
clic redundancy code is verified after these iterations 

ss and a decision is then made, at step 64, on the duration 
of the guard time which the transmitter will have to apply. 
[0127] As a variant, the cyclic redundancy code can 
be verified after each iteration, and the guard time can 
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be defined as a function of the number of iterations suf- 
ficient for obtaining a predetermined error rate. For ex- 
ample, if all the frames are decoded without error from 
the very first iteration, it is clear that the guard time can 
be shortened. On the other hand, if there are always er- 
rors after the eighth iteration on all the frames, it is nec- 
essary to extend the guard time. Between these two ex- 
treme cases, and taking into account averages of the 
required latency over several frames, it is thus possible 
to use a large number of strategies. 
[0128] The reception method, in the particular embod- 
iment of Figure 4B, also includes a step 66 of noise 
measurement, arbitrarily depicted at the end of the step 
64 of determining the change in the guard time but being 
able to be effected at any other stage of the reception 
chain. 

[0129] This step 66, necessary for the correct func- 
tioning of the turbodecoder, consists of measuring the 
power of the noise during the guard time between two 
successive OFDM symbols received. It is possible for 
example to measure the power of the noise at several 
moments during the guard time, in order to obtain a sta- 
tistic of the noise which makes it possible to distinguish, 
on the one hand, the noise and, on the other hand, the 
echo of the first of the two successive OFDM symbols 
considered. The two statistics of the noise and echo can 
be discerned by virtue of natural decrease in the echo, 
whose power is presented as a decreasing statistic, 
whereas the power of the noise is presented as a sta- 
tistical data with a constant mean. 
[0130] It is also necessary, for the correct functioning 
of the decoder corresponding to the redundancy coder, 
to effect a measurement of the power of each OFDM 
symbol received, in order to collect a statistic of the sig- 
nal and of the noise mixed with the signal. 
[0131] The measurements of the noise and of the sig- 
nal can for example be made by means of an analogue 
to digital converter. 

[0132] As shown by Figure 7, two successive OFDM 
symbols received, designated by the indices N-1 and N 
and corresponding to the two OFDM symbols transmit- 
ted, described above by means of Figure 6, have the 
following structure. The reference numbers 90, 92 and 
94 designate the same parts of the symbol as at the time 
of transmission. An echo 98 follows each OFDM signal, 
occupying part of the guard time. 
[0133] The arrows indicate that the measurement of 
the noise is carried out at several instants during the 
guard time between the symbols N-1 and N, and then 
the noise mixed with the signal is measured at the start 
of the symbol N. 

[0134] Figure 5 illustrates schematically the different 
modules of a reception device able to perform the steps 
of the reception method of the invention in the particular 
embodiment described above with the help of Figure 4B. 
[0135] This reception device has a receiver 70 which 
receives successive OFDM symbols spaced apart by 
the prescribed guard time. In the case where the data 



have been transposed-band modulated before trans- 
mission, the device has a demodulator 72 for returning 
the data to baseband. 

[0136] A correlation module 74 and a synchronisation 

s module 76 determine the start and end of each symbol 
received and decode the information carried by the 
aforementioned bits C and D of the marking signal as- 
sociated with each symbol, correlating each symbol re- 
ceived with two Barker sequences, as described previ- 

10 ously in the context of the reception method. 

[0137] A transformation module 78 multiplies the re- 
ceived symbols by the matrix of a reversible transforma- 
tion, so as to apply on reception the direct transforma- 
tion corresponding to the reverse transformation applied 

75 to the transmission, that is to say, for example, a direct 
discrete Fourier transformation, or a direct Hadamard 
transformation. The module 78 supplies as an output 
complex numbers representing respectively points in a 
QPSK constellation. 

20 [0138] The transformation module 78 is, convention- 
ally, preceded by a serial to parallel transformation mod- 
ule 77 and followed by a parallel to serial transformation 
module 79. 

[01 39] A demapping modu le 80 determines the series 
25 of bits associated with the points in the constellation and 
supplies them as an input to a decoder 82 correspond- 
ing to the redundancy coder used by the transmitter (the 
decoder 82 is a turbodecoder if the transmitter uses a 
turbocoder). 

30 [0140] A noise measurement module 88 supplies to 
the decoder 82, on the one hand, a measurement of the 
power of the noise, taken during the guard time and be- 
tween two successive symbols received, and, on the 
other hand, a measurement of the power of the noise 

35 mixed with the signal, taken during the reception of a 
symbol. 

[0141] An error detection module 84 is connected to 
the output of the decoder 82, in order to detect, by 
means of an error detection code, such as a cyclic re- 
40 dundancy code, possible errors in the decoded received 
data. As a variant, the error detection could be integrat- 
ed into the decoder and there would be no individualised 
module 84. 

[0142] Finally, the error detection module 84 controls 
45 a module 86 for determining the change in the guard 
time which, according to the number of errors detected, 
that is to say according to the reception quality, deter- 
mines the change in the guard time (increase, decrease, 
maximum value, maintaining at the same value). 
50 [0143] Figure 8 depicts schematically an embodi- 
ment of a transmission system including a transmission 
device and a reception device according to the inven- 
tion, using the basic elements and the usual peripherals 
of a computer 101. 
ss [0144] An input/output port 103 connects a central 
unit 100, by means of a bus 102, to a keyboard 111, a 
screen 1 09 and an optical or magnetic or any other kind 
of reader/etcher 112, for example of the compact disc 
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player or floppy disk player type. 
[0145] The input/output port 103 is also connected to 
a transmitter 106 and to a receiver 206, as well as to an 
information source 110, coming from the user of the da- 
ta, andtoan information sink210, goingtothe user. The 5 
information source and sink can be integral parts of the 
computer itself. 

[0146] A program, stored in a read-only memory 
(ROM) 1 05, contains the instructions to be executed fol- 
lowing the succession described with the help of Figure 10 
2B for transmission, and following the succession de- 
scribed with the help of Figure 4B for reception. 
[0147] The ROM 105, connected to the central unit 
100 and to the input/output port 103 by means of the 
bus 102, canalsocontainthevaluesoftheFouriertrans- is 
form A and of its inverse A', in the form of matrices. A 
time counter, for purposes of synchronisation, the syn- 
chronisation sequence itself and a table of correspond- 
ence between the values of the bits C and D and the 
direction of the corresponding change in the guard time 20 
can also be stored in the ROM 1 05. 
[0148] Finally, the transmission system includes a 
random access memory (RAM) 104, which serves as a 
relay for the data to be transmitted ("initial data") and 
the data received ("final data"). 25 
[0149] The RAM 104, connected to the central unit 
1 00, to the input/output port 1 03 and to the ROM 1 05 by 
means of the bus 102, also contains the data issuing 
from the mapping, in the form of a vector U, as well as 
their inverse Fourier transform U', for transmission, and so 
the data obtained at the time of reception after direct 
Fourier transformation, in the form of a vector V, and 
the data issuing from the demapping, in the form of a 

[0150] The RAM 104 also contains the current values ss 
of the guard time. 

[0151] As a variant, the successions of instructions 
able to implement the transmission and reception meth- 
ods of the invention may not reside in ROM, but may be 
read from the reader 112 and then loaded into RAM, be- 40 
fore being executed. 



Method of transmitting data in the form of succes- 
sive symbols, from a local transmission system, 
having a local transmitter and a local receiver, to a 
distant transmission system, having a distant trans- 
mitter and a distant receiver, according to which, at 
the local transmitter: 



a marking operation (22) is performed, consist- 
ing of concatenating, with each block of useful 
data, a first marking signal, said first marking 
signal representing the value of the guard time 
to be complied with by the distant transmitter 
between two successive symbols and being 
determined by the local receiver on the basis 
of the quality of reception of said data coming 
from the distant transmitter; and 
a transmission operation (26) is performed, 
consisting of transmitting said symbols, whilst 
respecting, between two successive symbols, 
a period of silence equal to the value of the 
guard time indicated by a second marking sig- 
nals, said second marking signal having previ- 
ously been received from the distant transmit- 
ter, after having been determined by the distant 
receiver on the basis of the quality of reception 
of the data coming from the local transmitter. 

Transmission method according to Claim 1 , charac- 
terised in that, between said block formation and 
marking operations: 

an operation (1 2) of preparation for error detec- 
tion is performed, consisting of calculating, for 
each of said useful data blocks obtained previ- 
ously, an error detection code, and concatenat- 
ing said code with each of said blocks, so as to 
obtain frames; 

an operation (14) of redundancy coding is per- 
formed, consisting of coding, by means of a re- 
dundancy coder, each frame and the corre- 
sponding error detection code, so as to obtain 
encoded frames; 

a mapping operation (1 6) is performed, consist- 
ing of associating, with each encoded frame, a 
set of points in a constellation, so as to obtain 
a plurality of symbols; 

an inverse transformation operation (1 8) is per- 
formed, consisting of multiplying said plurality 
of symbols by the inverse matrix of an invertible 
transformation matrix, soastoobtain a plurality 
of complex amplitude values; and 
a synchronisation operation (20) is performed, 
consisting of concatenating, with said plurality 
of complex amplitude values obtained previ- 
ously, a synchronisation signal, so as to obtain 
a complex signal transporting the information 
necessary to the synchronisation of the receiv- 



an operation (10) of forming useful data blocks 
is performed, consisting of grouping together 
the data in blocks; 

characterised in that it also includes steps accord- 
ing to which, at the local transmitter: 



Transmission method accordingtoClaim2, charac- 
terised in that said redundancy coding operation 
(14) uses a turbocoder as the redundancy coder. 

Transmission method according to Claim 2 or 3, 
characterised in that said invertible transformation 
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implemented during said inverse transformation op- 
eration (18) is a Fourier transformation. 

Transmission method according to Claim 2, 3 or 4, 
characterised in that the information relating to the 
guard time contained in said marking signal is in- 
serted in said synchronisation signal. 

Transmission method according to any one of 
Claims 1 to 5, characterised in that, prior to said 
transmission operation, a transposed band modu- 
lation operation (24) is performed, consisting of 
moving said symbols to be transmitted towards a 
predetermined frequency band. 

Transmission method according to any one of 
Claims 2 to 6, characterised in that, during said 
mapping operation, an alphabet and modulation of 
the QAM or QPSK type are used. 

Transmission method according to any one of 
Claims 1 to 7, characterised in that said marking sig- 
nal includes at least one Barker sequence. 



the guard time to be complied with by the dis- 
tant transmitter between two successive sym- 
bols and being determined by the local receiver 
on the basis of the quality of reception of the 
data coming from the distant transmitter; and 
transmission means (46), for transmitting said 
symbols, whilst respecting between two suc- 
cessive symbols a period of silence equal to the 
value of the guard time indicated by a second 
marking signal, said second marking signal 
having previously been received from the dis- 
tant transmitter, after having been determined 
by the distant receiver on the basis of the qual- 
ity of reception of the data coming from the local 
transmitter. 

12. Transmission device according to Claim 11, char- 
acterised in that the information relating to the guard 
time contained in said marking signal is inserted in 
said synchronisation signal. 



13. Transmission device according to Claim 1 
characterised in that it also has: 



or 12, 



9. Transmission method according to Claim 8, charac- 
terised in that said marking signal includes two 
Barker sequences in series, the first Barker se- 
quence being multiplied by a first predetermined 
value (C) coded by a first bit, and the second Barker 
sequence being multiplied by a second predeter- 
mined value (D) coded by a second bit, the binary 
word consisting of said first and second bits indicat- 
ing, according to its value, whether it is necessary 
to increase the value of the guard time, or to de- 
crease it, or to cause it to take a predetermined 
maximum value, or not to modify it. 

10. Transmission method according to any one of 
Claims 2 to 9, characterised in that, during said 
mapping operation, a plurality of stuffing bits are 
added to each encoded frame. 

11. Device for transmitting data in the form of succes- 
sive symbols, from a local transmission system, 
having a local transmitter and local receiver, to a 
distant transmission system, having a distant trans- 
mitter and a distant receiver, having, at the local 
transmitter: 

means (30) for forming blocks of useful data, 
for grouping said data in blocks; 



means (32) for preparing for the detection of er- 
rors, for calculating, for each of said useful data 
blocks obtained previously, an error detection 
code, and for concatenating said code with 
each of said blocks, so as to obtain frames; 
means (34) for redundancy coding, for coding 
by means of a redundancy coder each frame 
and the corresponding error detection code, so 
as to obtain encoded frames; 
mapping means (36), for associating a set of 
points in a constellation with each encoded 
frame, so as to obtain a plurality of symbols; 
reverse transformation means (38), for multi- 
plying said plurality of symbols by the inverse 
matrix of an invertible transformation matrix, so 
as to obtain a plurality of complex amplitude 
values; and 

synchronisation means (40), for concatenating 
a synchronisation signal with said plurality of 
complex amplitude values obtained previously, 
so as to obtain a complex signal transporting 
the information necessary to the synchronisa- 
tion of the receiver. 

14. Transmission device according to Claim 13, char- 
acterised in that said means (34) for redundancy 
coding have a turbocoder as a redundancy coder. 



n that it also has, at the local trans- 



marking means (42), for concatenating, with 
each block of useful data, a first marking signal, 
said marking signal representing the value of 



15. Transmission device according to Claim 13 or 14, 
characterised in that said invertible transformation 
implemented by said reverse transformation means 
(38) is a Fourier transformation. 



16. Transmission device according to any c 



; of 



13 
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terised in that, during said operation of determining 
the change in the guard time, the values of a first 
and a second bits (C, D) intended to be included in 
a marking signal by the local transmitter are deter- 
s mined, said first and second bits forming a binary 
word indicating, according to its value, whether the 
value of the guard time must increase or decrease 
or take a predetermined maximum value or remain 
constant. 

10 

23. Reception method according to Claim 21 or 22, said 
transmitter using a redundancy coder, character- 
ised in that, between said operations of receiving 
and determining the change in the guard time, at 
is the local receiver: 

a synchronisation and correlation operation 
(54) is performed, inordertodeterminethestart 
and end of each received symbol and for de- 
20 coding, for each received symbol, the informa- 

tion carried by the marking signal coming from 
the distant transmitter, said synchronisation 
and correlation operation consisting of correlat- 
ing each received symbol with said marking 
25 symbol, so as to obtain modulated blocks; 

a transformation operation (56) is performed, 
consisting of multiplying each received modu- 
lated block by an invertible transformation ma- 
trix, so as to obtain a plurality of complex num- 
so bers representing respectively a plurality of 

points in a constellation; 
a demapping operation is performed, consist- 
ing of determining the received data associated 
with said plurality of points in the constellation, 
35 so as to obtain encoded frames; 

an encoded frame decoding operation (60) is 
performed, consisting of decoding said encod- 
ed frames by means of a decoder correspond- 
ing to the redundancy coder used by the trans- 
40 mitter, so as to obtain decoded frames; and 

an error detection operation (62) is performed, 
consisting of detecting, by means of an error 
detection code, possible errors in said decoded 
frames; 

45 

and in that it also includes a step according to which: 
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Claims 11 to 15, characterised in that it also has 
modulation means (44), for modulating said blocks 
in a transposed band. 

17. Transmission device according to any one of 
Claims 1 2 to 1 6, characterised in that said mapping 
means (36) use an alphabet and modulation of the 
QAM or QPSK type. 

18. Transmission device according to any one of 
Claims 11 to 17, characterised in that said marking 
signal includes at least one Barker sequence. 

19. Transmission device according to Claim 18, char- 
acterised in that said marking signal includes two 
Barker sequences in series, the first Barker se- 
quence being multiplied by a first predetermined 
value (C) coded by a first bit, and the second Barker 
sequence being multiplied by a second predeter- 
mined value (D) coded by a second bit, the binary 
word consisting of said first and second bits indicat- 
ing, according to its value, whether it is necessary 
to increase the value of the guard time, or to de- 
crease it, or to make it take a predetermined maxi- 
mum value, or not to modify it. 

20. Transmission device according to any one of 
Claims 1 1 to 1 9, characterised in that said mapping 
means (36) add a plurality of stuffing bits to each 
encoded frame, said plurality of stuffing bits being 
used for transporting said marking signal. 

21. Method of receiving data in the form of successive 
symbols, by a local transmission system, having a 
local transmitter and a local receiver, from a distant 
transmission system, having a distant transmitter 
and a distant receiver, characterised in that it in- 
cludes steps according to which, at the local receiv- 



there is performed a reception operation (50), 
consisting of receiving, in the form of succes- 
sive symbols, spaced apart in time by a guard 
time able to be adjusted automatically, data 
coming from the distant transmitter; and 
there is performed an operation (64) of deter- 
mining the change in the guard time to be com- 
plied with by the distant transmitter between 
two successive symbols, consisting of deter- 
mining, according to the quality of reception of 
the data coming from the distant receiver, the 
value of at least two bits intended to be included 
in a marking signal by the local transmitter, 
these two bits forming a binary word represent- 
ing the value of the guard time to be complied 
with by the distant transmitter. 

22. Reception method according to Claim 21, charac- 



a noise measurement operation (66) is per- 
formed, consisting of measuring the power of 
50 the noise during the guard time between two 

successive symbols. 

24. Reception method according to Claim 23, charac- 
terised in that said operation of decoding encoded 

ss frames (60) uses a turbodecoder as a decoder. 

25. Reception method according to Claim 23 or 24, 
characterised in that said invertible transformation 
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implemented during said transformation operation 
(56) is a Fourier transformation. 

26. Reception method according to Claim 23, 24 or 25, 
characterised in that said operation of decoding en- 
coded frames (60) is an iterative operation including 
a predetermined number of iterations, in that said 
error detection operation (62) is performed at the 
end of said predetermined number of iterations, and 
in that said operation of determining the change in 
the guard time (64) is next performed. 

27. Reception method according to Claim 23, 24 or 25, 
characterised in that said operation of decoding en- 
coded frames (60) is an iterative operation including 
a predetermined number of iterations, in that said 
error detection operation (62) is performed after 
each of said iterations, and in that, during said op- 
eration of determining the change in the guard time 
(64), said guard time is defined as a function of the 
number of iterations sufficient for obtaining a pre- 
determined error rate. 

28. Reception method according to any one of Claims 

21 to 27, said symbols having been modulated in a 
transposed band before transmission, character- 
ised in that, following said reception operation, a de- 
modulation operation is performed (52), consisting 
of demodulating each received symbol. 

29. Reception method according to any one of Claims 
23 to 28, characterised in that, during said demap- 
ping operation, an alphabet and demodulation of 
the QAM or QPSK type are used. 

30. Reception method according to any one of Claims 

22 to 29, characterised in that, during said synchro- 
nisation and correlation operation, the information 
carried by each marking signal is decoded using the 
polarity of at least one correlation peak obtained by 
correlating each symbol received with said marking 
signal. 

31. Reception method according to any one of Claims 
21 to 30, characterised in that said marking signal 
includes at least one Barker sequence. 

32. Reception method according to Claim 31 , charac- 
terised in that said marking signal includes two 
Barker sequences in series, the first Barker se- 
quence being multiplied by a first predetermined 
value (C) coded by said first bit, and the second 
Barker sequence being multiplied by a second pre- 
determined value (D) coded by said second bit. 

33. Device for receiving data in the form of successive 
symbols, by means of a local transmission system, 
having a local transmitter and a local receiver, com- 
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ing from a distant transmission system, having a 
distant transmitter and a distant receiver, character- 
ised in that it has, at the local receiver: 

s - reception means (70) for receiving, in the form 
of successive symbols, spaced apart in time by 
a guard time able to be adjusted automatically, 
data coming from the distant transmitter; and 
means (86) for determining the change in the 
10 guard time to be complied with by the distant 

transmitter between two successive symbols, 
in order to determine, according to the quality 
of reception of the data coming from the distant 
transmitter, the value of at least two bits intend- 
75 ed to be included in a marking signal by the lo- 

cal transmitter, said two bits forming a binary 
word representing the value of said guard time 
to be complied with by the distant transmitter. 

20 34. Reception device according to Claim 33, character- 
ised in that said means (86) for determining the 
change in the guard time determine the value of a 
first and a second bits (C, D) intended to be included 
in a marking signal by the local transmitter, said first 
25 and second bits forming a binary word indicating, 
according to its value, whether the value of said 
guard time must increase or decrease or take a pre- 
determined maximum value or remain constant. 

so 35. Reception device according to Claim 33 or 34, said 
transmitter using a redundancy coder, character- 
ised in that it also has: 

synchronisation and correlation means (76, 
35 74), for determining the start and end of each 

received symbol and for decoding, for each re- 
ceived symbol, the information carried by the 
marking signal coming from the distant trans- 
mitter, said synchronisation and correlation 
40 means correlating each received symbol with 

said marking signal, so as to obtain modulated 
blocks; 

transformation means (78), for multiplying each 
received modulated block by an invertible 

45 transformation matrix, soastoobtain a plurality 

of complex numbers representing respectively 
a plurality of points in a constellation; 
demapping means (80), for determining re- 
ceived data associated with said plurality of 

50 points in said constellation, so as to obtain en- 

coded frames; 

means (82) for decoding encoded frames, for 
decoding said encoded frames by means of a 
decoder corresponding to the redundancy cod- 
ss er used by the transmitter; 

error detection means (84), for detecting, by 
means of an error detection code, possible er- 
rors in said decoded frames; 



EP 1 061 687 A1 



15 



20 



15 



27 EP 1 C 

and in that it also has: 

noise measurement means (88), for measuring 
the power of the noise during the guard time 
between two successive symbols. 

36. Reception device according to Claim 35, character- 
ised in that said redundancy coder is aturbocoder, 
and in that said corresponding decoder is a turbo- 
decoder. 

37. Reception device according to Claim 35 or 36, char- 
acterised in that said invertible transformation im- 
plemented by said transformation means (78) is a 
Fourier transformation. 

38. Reception device according to any one of Claims 
33 to 37, said symbols having been modulated in a 
transposed band before transmission, character- 
ised in that it also has demodulation means (72) for 
demodulating the received symbols. 

39. Reception device according to any one of Claims 
35 to 38, characterised in that said demapping 
means (80) use an alphabet and demodulation of 
the QAM or QPSK type. 

40. Reception device according to any one of Claims 
35 to 39, characterised in that said synchronisation 
and correlation means (76, 74) decode the informa- 
tion carried by each marking signal using the polar- 
ity of at least one correlation peak obtained by cor- 
relating each symbol received with said marking 
signal. 

41. Reception device according to any one of Claims 
33 to 40, characterised in that said marking signal 
includes at least one Barker sequence. 

42. Reception device according to Claim 41 , character- 
ised in that said marking signal includes two Barker 
sequences in series, the first Barker sequence be- 
ing multiplied by a first predetermined value (C) 
coded by said first bit, and the second Barker se- 
quence being multiplied byasecond predetermined 
value (D) coded by said second bit. 

43. Digital signal processing apparatus, characterised 
in that it has means adapted to implement a trans- 
mission method according to any one of Claims 1 
to 10. 

44. Digital signal processing apparatus, characterised 
in that it has a transmission device according to any 
one of Claims 11 to 20. 

45. Digital signal processing apparatus, characterised 
in that it has means adapted to implement a recep- 
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tion method according to any one of Claims 21 to 
32. 

46. Digital signal processing apparatus, characterised 
s in that it has a reception device according to any 

one of Claims 33 to 42. 

47. Telecommunication network, characterised in that 
it has means adapted to implement a transmission 

10 method according to any one of Claims 1 to 10. 

48. Telecommunication network, characterised in that 
it has a transmission device according to any one 
of Claims 11 to 20. 

15 

49. Telecommunication network, characterised in that 
it has means adapted to implement a reception 
method according to any one of Claims 21 to 32. 

20 50. Telecommunication network, characterised in that 
it has a reception device according to any one of 
Claims 33 to 42. 

51. Mobile station in a telecommunication network, 
25 characterised in that it has means adapted to im- 
plement a transmission method according to any 
one of Claims 1 to 10. 

52. Mobile station in a telecommunication network, 
so characterised in that it has a transmission device 

according to any one of Claims 11 to 20. 

53. Mobile station in a telecommunication network, 
characterised in that it has means adapted to im- 

35 plement a reception method according to any one 
of Claims 21 to 32. 

54. Mobile station in a telecommunication network, 
characterised in that it has a reception device ac- 

40 cording to any one of Claims 33 to 42. 

55. Information storage means which can be read by a 
computer or a microprocessor storing instructions 
of a computer program, characterised in that it 

45 makes it possible to implement a transmission 
method according to any one of Claims 1 to 10. 

56. Information storage means which is removable, 
partially or totally, and can be read by a computer 

50 or microprocessor storing instructions of a compu- 
ter program, characterised in that it makes it possi- 
ble to implement a transmission method according 
to any one of Claims 1 to 10. 

ss 57. Information storage means which can be read by a 
computer or a microprocessor storing instructions 
of a computer program, characterised in that it 
makes it possible to implement a reception method 
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according to any one of Claims 21 to 32. 

58. Information storage means which is removable, 
partially or totally and can be read by a computer 

or microprocessor storing instructions of a compu- s 
ter program, characterised in that it makes it possi- 
ble to implement a reception method according to 
any one of Claims 21 to 32. 

59. Computer program product, characterised in that it 10 
comprises software code portions for implementing 

a transmission method according to any one of 
Claims 1 to 10. 

60. Computer program product, characterised in that it is 
comprises software code portions for implementing 

a reception method according to any one of Claims 
21 to 32. 
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